Introduction
Agricultural diversification is considered as an important strategy to overcome the challenges faced by many developing countries due to the opportunities it offers for risk management, tackling heterogeneous production conditions, and increased income generation through entry into new markets (Winters et a., 2006) . Diversification of agriculture means developing a larger number crop-or enterprise-mix in favour of high-value and more remunerative enterprises (Ali, 2004) . It refers to a shift from the regional dominance of one crop to regional production of a number of crops, e.g., cereals, pulses, vegetables, fruits, oilseeds, fibres, fodder and grasses, fuel, etc. in order to meet their increasing demand (Singh, 2011) . Promotion of crop diversification also has important implications for biodiversity (Winters et al., 2006) . Agricultural diversification is also a tool for development in addition to a function of enhanced income, sustainability and risk reduction . South Asia is diversifying its agriculture in order to meet the challenge of global competitive market, change in demand and tastes of the population as well as to augment farm income, generate employment, alleviate poverty and conserve precious soil and water resources (Bhattacharyya, 2008) . In fact, rising prices and crop diversification has been identified as the major sources of growth in Indian agriculture during the 1980s (Joshi et al., 2006) . Bangladesh, dominated by rice culture accounting for 79.2% of the gross cropped area (GCA) (BBS, 2011) , is seeking to diversify its agricultural sector to other cereals (i.e., wheat and maize) as well as non-cereals (e.g., potatoes, vegetables, and spices, etc.). In fact, the Fifth Five Year Plan (FFYP: 1997 (FFYP: -2002 ) set specific objectives to attain self-sufficiency in foodgrain production along with increased production of other nutritional crops, as well as to encourage export of vegetables and fruits, keeping in view domestic consumption demand and nutritional requirements (PC, 1998) . The FFYP also earmarked 8.9% of the total agricultural allocation to promote crop diversification. Subsequently, the Poverty Reduction Strategy Paper (2005) and the Sixth Five Year Plan (SFYP: 2011 (SFYP: -2015 ) also emphasized crop diversification (PC, 2011 , IMF, 2005 although no specific budget was earmarked in these plan documents.
Farmers in Bangladesh grow multiple crops with rice in order to meet subsistence as well as cash requirement (Rahman, 2009 ). However, expansion of non-cereals (e.g., potatoes, vegetables, onions and cotton), which are profitable than rice cultivation, are slow because of the incompatibility of the existing irrigation system that is mainly suitable for rice production only cereal crops in GCA in Bangladesh during the 1948-2006 at the rate of 0.2% per year (Rahman, 2010) . It is worth noting that the conclusions made by Rahman (2010) are based on national level data which masks variation in individual regions. Bangladesh has some areas/districts where non-cereal and/or non-rice crops also dominate along with rice (e.g., Chittagong Hill Tracts, Faridpur, Kushtia, and Jessore). The reasons for higher level of crop diversity in these regions include undulated and highlands (mainly in Chittagong Hill Tracts) and lack of widespread irrigation.
Few studies exist on the analysis of agricultural diversity in South Asian region (e.g., Ali, 2004; Ali et al., 2004; Singh et al., 2006) . For example, Ali (2004) provided an overview of the agricultural diversification and international competitiveness based on detailed analysis and selected country reports from Asia and highlighted the need for improvement in infrastructure, technological progress and market reform among others. Ali et al., (2004) noted that diversification of food into vegetables improve earning capacity of manual labourers in Pakistan Punjab due to balanced diet, reduced illness and higher productivity. Singh et al., (2006) examining diversification of Indian agriculture using state level data for two years (i.e., 1991 and 2001) noted that diversification into non-food grains increased mainly to mitigate risk rather than enhance income and electricity and road density are negatively associated with diversification.
Given the emphasis of the Bangladeshi government to diversify its agricultural sector (e.g., Kazal et al., 2013; PC 2011; IMF 2005) , it is important to know how the regions has responded to these policy drives and identify the factors determining crop diversity at the regional level over time, so that well informed policy instruments can be developed and implemented. In order to fulfil this gap in information, the present study uses a wide range of price and non-price factors to identify determinants of crop diversification at the regional level in Bangladesh covering a period of two decades (i.e., 1990-2008) . We do so by estimating a model of crop choice based on a theoretical framework of the farm household model applying a micro-econometric approach.
The rest of the paper is structured as follows. Section 2 presents the analytical framework of the study, develops the empirical model, and describes the data. Section 3 presents the results.
Section 4 provides conclusion and draws policy implications.
Methodology

The Theoretical Model
First, we develop a general model of farm production to examine the determinants of crop diversity and or area allocated to different crops following Rahman (2008) . The farmer produces a vector Q of farm outputs using a vector of inputs X. The decision of choice, however, is constrained by a given production technology that allows combination of inputs (X) and an allocation of a fixed land area (A = A 0 ) among j number of crops, given the characteristics of the farm (Z). The total output of each farmer i is given by a stochastic quasi-concave production function:
where ε is the stochastic variable indicating impacts of random noise. It is assumed that f Xk >0 and f XXk <0. Each set of area shares (α j ) among j crops sums to 1,
α which maps into the vector Q through physical input-output relationships. The choice of area shares implies the level of farm outputs. The profit of each farm i is given by:
The farmer is assumed to have a von Neuman-Morgenstern utility function, U(W) defined on wealth W with U W >0 and U WW <0. The wealth is represented by the sum of initial wealth (W 0 ) and the profit generated from farming (π). Therefore, the objective of each farm is to maximize expected utility as (Isik, 2004) :
where E is the expectation operator defined over ε. The choice variables in (3), the farm's input levels X ijk , are characterized by the first-order conditions
The second-order conditions are satisfied under risk aversion and a quasi-concave production function (Isik 2004) . The optimal input mix is given by:
And the optimal output mix, depending on ) ( * ijk X is defined as:
Determinants of choice of crops
To determine the factors affecting a farmer's choice of crops, we derive the equivalent wealth or income from the expected utility (Rahman, 2008) :
This equivalent wealth or income in a single decision making period is composed of net farm earnings (profits) from crop production and initial wealth that is 'exogenous' to the crop choices (W 0 ), such as farm capital assets and livestock resources carried over from earlier period.
Under the assumption of perfect market, farm production decisions are made separately from consumption decisions and the household maximizes net farm earnings (profits) subject to the technology and expenditure constraints (Benin et al. 2004) . Therefore, production decision of the farms, such as crop choices, are driven by net returns (profits), which are determined only by input and output prices, farm physical characteristics and socio-economic characteristics of the farm household (Benin et al. 2004) . Therefore, the optimal choice of the household can be reexpressed as a reduced form function of input and output prices, market wage, farm size, initial wealth, and socio-economic characteristics of the farms (Rahman, 2008) :
Eq. (8) forms the basis for econometric estimation to examine the factors affecting diversity of crops on individual farms, an outcome of choices made in a constrained optimization problem.
After developing the model for the individual farmers, we extend the model to the regional level. The key assumption is that the factors affecting choice of crops at the individual farm household level in a given period of time can be applied to identify determinants of land area allocated to various crops at the regional level (which essentially represents combined action of individual farmer's responses in each region):
where D represents the Shannon index of crop diversity at the regional level, r represents the rth region (r = 1, 2, 3, …. 17) and t represents time (t = 1, 2, … 18).
We expect signs of the variables to correspond to those expected to hold at the farm household level analysis. That is positive influence of non-cereal crop price rises on crop diversity, positive influence of input price rises that are largely used for cereal monoculture (i.e., fertilizers) to trigger shift in cropping portfolio, positive influence of farm size, infrastructure and services (e.g., irrigation, extension and R&D expenditure), and other measures of wealth (e.g., livestock resource) on crop diversity.
Data
The data used for the analysis are constructed from various sources. The principal data sector are taken from various issues of the Statistical Yearbook of Bangladesh, which reports land area, production and yield of all major crops covering the period 1990 issues), agricultural censuses of Bangladesh 1983 -1984 , 1996 and population censuses of Bangladesh 1991 . A total of 17 regions/greater districts are used for the analysis 1 .
Dependent Variable: Shannon index of crop diversity
The dependent variable is the Shannon index which was adapted from the ecological indices of spatial diversity in species. Evenness, which combines both richness and relative abundance concept, is measured by a Shannon index. Shannon's diversity index is frequently used in the determination of landscape diversity (e.g., Rahman, 2010; Benin et al., 2004) because of its indisputable advantage in obtaining numeric values that can be easily compared (Dusek and Popelkova, 2012) . One limitation of Shannon index is its inability to express spatial distribution of patches within an area (Dusek and Popelkova, 2012) which in our case is not a major issue as we are using data at the regional level. It should also be noted that Shannon index is used as a relative index with higher value indicating higher diversity (Dusek and Popelkova, 2012) . 
Explanatory variables: socio-economic factors
Explanatory variables: Input and output prices
Construction of input and output prices for each region proved quite difficult as prices for some crops are reported at the divisional level 2 , some are reported only at the national level and there are missing years for some prices. Specifically, jute, sugarcane and fertilizer prices were reported at the national levels only while other prices were available for divisional levels. The missing year prices were interpolated using a linear trend model. Also, prices of pulses, oilseeds, spices and vegetables were constructed by taking average of individual crops in each group.
Specifically, pulse price is the mean of the aggregate prices of gram, mung, lentil, and mashkalai.
Spice price is the mean of the aggregate prices of chilli, onion, turmeric, ginger and garlic.
Vegetable price is the mean of the aggregate prices of cabbage, cauliflower, jhinga, bitter gourd, brinjal, pumpkin, okra, patal, and spinach. All input and crop prices were normalized by the rice price. Hence, these are relative prices of inputs and outputs. The reason for doing this is twofold. First, it is assumed that the shift in the relative prices of major inputs (i.e., fertilizers) and other crops will induce farmers to diversify their crop portfolio from rice monoculture. Second, since the ratio is unit free, we have avoided collinearity that may arise from specifying close substitutes (e.g., cabbage and cauliflower) as well as measurement problems that arises from indexing individual crop prices with a constant base year to reflect real prices changes. An advantage of using prices at divisional or national level is that the prices faced by individual farmers or at the regional level are exogenous, as they essentially are price takers, and hence avoid the problem of endogeneity of price variables in the modelling structure.
Apart from incorporating the input and output prices, the justification for inclusion of other variables are as follows: Land is the scarcest resource in Bangladesh, and farm size largely determines the level and extent of income to be derived from farming. Land also serves as a surrogate for a large number of factors as it is a major source of wealth and influences decision to choose crops. Also, greater farm areas can be allocated among more crops (Benin et al. 2004 ).
Hence, the average farm size (to represent wealth) was incorporated to test its independent influence on decisions regarding crop diversification.
Farmers in Bangladesh are not only land poor, but also resource poor. In the absence of any reliable account of farm capital assets, we could not include this. However, livestock is an important measure of wealth and is an integral component in farming. Rahman (2008) noted that a reduction in livestock resources is positively related to crop diversity at the farm level because growing non-cereal do not require extensive draft power support. We include this variable to check whether such result hold at the regional level as well.
Access to modern irrigation facilities is an important pre-requisite for growing HYV rice, particularly HYV Boro rice (dry winter season). Lack of access to modern irrigation facilities has been identified as one of the principal reasons for stagnation in the expansion of HYV rice area (Rahman and Thapa 1999; Mahmud, Rahman and Zohir 1994) . In 2010, only 44% of total rice area was irrigated in 2010 (BBS, 2011) . Also, irrigation may decrease diversity through uniform moisture conditions (Benin et al. 2004 ).
Use of farmers' education level as explanatory variable in technology adoption studies is common (e.g., Rahman, 2009 ). The education variable was used as a surrogate for a number of factors. At the technical level, access to information as well as capacity to understand the technical aspects and profitability related to different crops may influence crop production decisions. Therefore, the average literacy rate was incorporated to reflect this.
R&D is an important element in disseminating modern technology and production knowhow to farmers. The capacity to promote agricultural growth hinges largely on the effectiveness of the R&D activities and achievements. Conventionally, the R&D activities in [1997] [1998] [1999] [2000] [2001] [2002] . However, there is a need to examine the impact of these new releases on farmers' portfolios of crop choices. Therefore, the total R&D expenditure variable is included to examine its effect on crop diversity.
Agricultural extension can be singled out as one of the important sources of information dissemination directly relevant to agricultural production practices, particularly in nations like
Bangladesh where farmers have very limited access to information. This was reinforced by the fact that studies found a significant influence of extension education on adoption of landimproving technologies (e.g., Solis et al., 2007) . Therefore, the total expenditure on extension per farm was incorporated to account for its influence on crop choices.
Climate change has been one of the hottest debates in all sectors of the economy and Bangladesh is earmarked as the country most vulnerable to climate change. Therefore, two climate change variables: variability in total annual rainfall and average maximum temperature were included to see their influences on decision regarding choice of crops.
Regression Structure
In order to identify the determinants of regional crop diversity, we use the Generalised Least where D represents the Shannon index of evenness, p is a vector of output prices, w is a vector of input prices, Z is a vector of socio-economic characteristics of the regions, e is the error term controlling for the unobserved factors and/or random noise, and a, b, c and d are the parameters to be estimated, u i is the unit specific random element distributed as IID (0, 2 u σ ) and is assumed to be independent of ε it and p t , w t , Z t , and ε it is distributed as IID (0, which provides us with two advantages: (a) it allows for possible non-linearity of the underlying model with coefficients being linear in parameters, and (b) the coefficients can be directly read as elasticities, i.e, diversity elasticities. Parameters were estimated using STATA V10 software program (StataCorp 2010).
Results
Trends and levels of crop diversity
Average annual compound growth rates were computed in order to determine the rate of change of the variable of interest. The growth rates were computed using semi-logarithmic trend function: lnY = α + βT, where Y is the target variable, T is time, ln is natural logarithm, and β is the growth rate. The assumption here is that the estimated growth rate is constant over the time period which is a reasonable assumption as the time period is only 18 years. [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] . It is clear from Table 1 that except for HYV rice, spices and vegetables, all other crop groups experienced a decline. Even the expansion of wheat and maize grouped under minor cereals could not reverse the decline in growth rate in this category. Also, the level of decline and/or growth is highly variable across regions. The market prices of all non-cereal crops have risen over time, but even then we see growth in only spices and vegetables, but not amongst oilseeds, pulses and cash crops such a jute and sugarcane. The highest rate of decline is in pulse crops which raise concern regarding sustainability of the cropping system in Bangladesh as pulses are leguminous crops which fix nitrogen in the soils.
Table 1 also confirms that significant differences exist across regions with respect to share of each crop group in GCA, thereby justifying the need to conduct regional level analysis. Table 2 presents the level of crop diversity in Bangladesh agriculture by regions and Figure 1 presents the overall trend in crop diversity for the period under consideration. Overall, crop diversity has steadily declined in Bangladesh. Also, most of the regions experienced a decline in its initial level of diversity except Khulna, Sylhet and Faridpur. Khulna is a region with explosion of gher farming (i.e., prawn-fish-rice joint culture) where farmers also grow vegetables at the boundaries of the gher to maximize returns. Sylhet is a hilly region historically famous for tea production and non-cereals (mainly vegetables) as growing three seasons of rice is not feasible due to lack of irrigation facilities. Faridpur is a low lying area which has diversified into non-cereals because of lack of expansion of irrigation facilities. The level of diversity is also highly variable across region with significant differences. The initial level of crop diversity in 1990 was highest in Kushtia followed by Dhaka and Chittagong Hill Tracts, but during the terminal year of 2008, the highest diversity is in Faridpur followed by Pabna.
Similarly, the share of non-cereals (i.e., excludes rice, wheat, maize and other minor cereals) in GCA is highly variable across regions with significant differences. Overall, a substantial 30.8 % of GCA is under non-cereals which indicate that the cropping system in Bangladesh is still diverse. It should be noted that Sylhet is a region famous for tea growing which is not captured in this dataset. The results challenge the conventional notion that cropping system in Bangladesh is strictly concentrated in producing cereals, mainly rice.
Determinants of crop diversity
In this section, we concentrate on examining determinants of crop diversity at the regional level in Bangladesh over time. Table 3 presents the parameter estimates of Eq (10) using the GLS Random Effects estimation procedure for panel data which accounts for any systematic effect of the regions as well as time varying effects of the variables used in the regression. The use of cluster robust standard error option also accounts for mis-specification of the model as well. Two
Hausman tests were done in order to determine consistency and efficiency of GLS random effects estimators. The null-hypothesis that 'the coefficients are consistent and efficient in random effects model as compared with fixed effects model' cannot be rejected, and hence we chose the random effects model as it is more efficient (see last panel of Table 3 ). Table 3 also presents Ordinary Least Squares estimators with panel corrected standard errors and GLS fixed effects model with cluster robust standard errors for comparison, although we discuss only the results of GLS random effects model next.
Overall, the fit is quite satisfactory as 56% of the coefficients on the regressors are significantly different from zero at the 10% level at least. The parameters σ u and σ ε are the sources of variations, the former is from the heterogeneity of regions and the latter is from idiosyncratic errors or noise and ρ is the intraclass correlation or the fraction of variance due to u i . The model diagnostics reveal that regional heterogeneity and idiosyncratic errors explain very little about the variation in crop diversify reflected by low values of these two parameters.
Instead, variation in regional crop diversity is explained largely by the explanatory variables used in the regression which is confirmed by the Wald χ 2 statistics. The Wald χ 2 tests that the coefficients on the regressors are jointly zero, which is strongly rejected at 1% level, implying that our model specification is significant. Another assessment is the goodness of fit demonstrated by the three values of the R-squared, which are correlations squared of the second round regressions. These values are quite reasonable.
Among the input prices, we see that a rise in the relative price of urea fertilizer will significantly increase crop diversity with an elasticity value of 0.35. A one percent increase in the relative price of urea will increase crop diversity by 0.4%. The implication is that if the urea price increases then farmers will switch to non-cereal crops as urea is used largely to produce rice in Bangladesh. The influences of other fertilizer prices are insignificant. There may be two reasons for this. First, the prices of these two fertilizers are largely stable. Second, farmers in Bangladesh tend to concentrate on using urea fertilizer as it provide visible plant growth, and also recommended dosage for urea is much higher than the other two fertilizers. Therefore, a change in the relative price of urea triggers change in the decision making process as more cash outlays are involved than a change in the relative price of the other two fertilizers.
Among the crop prices, increase in the relative price of vegetables will significantly increase crop diversity with an elasticity value of 0.22. This is expected as revenue earned from vegetables are significantly higher than producing cereals (Rahman, 2009) This may explain observed increase in the area allocated to various vegetables in GCA over time (see Table 2) with corresponding rise in the revenue earned from exporting vegetables from Bangladesh in recent years. The rise in relative price of pulses and sugarcane will reduce diversity which is at contrast with expectation.
The influence of the set of socio-economic factors in determining crop diversity is very strong and varied. We see that increases in extension expenditure per farm, labour per farm, average farm size and irrigation and a reduction in livestock capital significantly increase crop diversity consistent with expectation. Livestock serves as a source of wealth as well as draft power in farming mainly for rice production. Therefore, a reduction in livestock resource motivates farmers to move away from rice monoculture consistent with the findings of Rahman (2008) . Since non-cereal crop farming is more labour intensive, availability of labour enables farmers to diversify their cropping portfolio. An increase in literacy rate significantly reduces crop diversity. This is because education allows farmers to divert their time input away from agriculture to non-agricultural sector (Rahman and Shankar, 2009 ). The influences of R&D expenditure and climatic factors (rainfall variability and average maximum temperature) are insignificant. As mentioned earlier, R&D investment in Bangladesh is focused largely on cereals.
Therefore, lack of its influence in promoting crop diversity is possible.
Conclusions and policy implications
The aim of this study is to examine trends in area allocated to various crops, the level of crop diversity by region, and identify its determinants covering a 19 year period (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) . Results demonstrate that other than area under HYV rice, vegetables and spices, all other crop areas experienced significant decline at variable rates over time. The level of crop diversity over time declined for most regions except Khulna, Sylhet and Faridpur. Significant differences in crop diversity as well as share of each crop group in GCA exist across regions. A host of price and non-price factors significantly influence farmers' decision to diversify. An increase in the relative prices of urea fertilizer and vegetables will significantly increase crop diversity. In other words, a rise in relative prices of urea and vegetables will shift farmers to diversify their cropping portfolio. A decline in wealth in terms of livestock induces farmers to switch to noncereals that are not heavily dependent on draft power as these are grown on small scale by individual farms. Switching to a diversified cropping system is labour intensive and our results
show that an increase in labour stock per farm allows farms to diversify. Increase in irrigation, average farm size and extension services also significantly increase crop diversity.
The policy implications are clear. The government should increase investment in extension expenditure and irrigation infrastructure as these policy amenable instruments will significantly increase crop diversity. Also, price policies aimed at increasing vegetable prices will increase crop diversification which in turn will increase foreign exchange earnings for the economy. Ali (2004) also highlighted that investment in research and extension system and policy incentives geared towards high value crops (e.g., vegetables) not only make them internationally competitive, but will also improve earnings and productivity of the sector which was also echoed by Joshi, Birthal and Minot (2006) . In Bangladesh, 69% of area under vegetables were irrigated as compared to 44% of rice area in 2010 (BBS, 2011) which establishes the need to increase investment in irrigation infrastructure to promote crop diversity. -0.063*** 0.038*** -0.016*** -0.068*** -0.033*** 0.049*** -0.038*** -0.017*** 0.051*** Test for regional differences in individual crop group shares in GCA (Generalized linear model with one way ANOVA) F-statistic (16, 306) 54.26*** 41.63 258.75*** 87.45*** 59.27*** 18.4*** 50.13*** 511.99*** 38.69*** Note: NG = not grown *** = significant at 1% level (p<0.01) ** = significant at 5% level (p<0.05) * = significant at 10% level (p<0.10) (16, 306) 122.72*** ------------218.60*** 
